The present state of knowledge does not allow the calculation of the parameters of the vibratory system of the machine tool to be carried out with the necessary accuracy on the basis of the drawings of the machine tool. The objective of the present study is, therefore, to measure the vibration parameters such as amplitude, acceleration and velocity of vibration in different directions and to corelate these vibration parameters graphically with the various cutting parameters like cutting speed, longitudinal feed and depth of cut. Hence the material removal rate (mrr) can also be corelated.
Introduction
Ever advancing industry makes higher requirements, year by year, to machine tool performance. The main and challenging problem to present day machine tool engineering is to develop the machine tool with high vibration-proof properties. The principal criteria that must be taken into consideration in developing a new machine tool are : accuracy, safety and ease of operation, dependability, production capacity, costs and producibility.
Many investigators have carried out research in the field of machine tool vibration, in general and on milling machine in particular.
Tobias (1) carried out research on self induced vibration occuring during milling operation with inserted blade cutter on vertical milling machine. He claimed that the chatter vibration assumed more or less harmonic character, which is not the fact 
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Tlusty and Polacek(2) worked on horizontal knee type milling machine and concluded that the distance between the cutter and the column is significant for stability. An Chen Lee et. al (3) conducted study in order to establish a reliable stable region in machining, by exploiting the effects of the workpiece dynamics on cutting process. The authors concluded that the dynamic features of workpiece play an important role in the machining process.
An Chen Lee and China Shang Lin (4) continued the work with a different approach which adapts frequency domain analysis by linearising the nonlinear equation to investigate the dynamic behaviour in the milling process. The authors' aim was to establish a reliable stable region in the end milling by exploiting the effect of workpiece dynamics on the cutting process.
Elbestawi et. al (5) mentioned that the machining instability, namely chatter, occurs due to the interaction between the structural dynamics and the cutting process where the damping generated at the tool workpiece interface which is termed as process damping, also plays some significant role.
Although in recent years substantial progress has been made in the methods of computation of stiffness, natural frequencies and modal shapes of machine tool structures with the use of computers, the accuracy of the result is not high enough, for example, damping can not be calculated precisely and the direction of modes can not be always determined with sufficient reliability.
For aforesaid reasons, studies on the stability of a machine tool must be based on test and measurements on the actual machines. The first task in this research on the stability of a particular machine tool, is to determine the stability of the machine tool as it has been designed and constructed. This task is best carried out by cutting test.
In the present study a series of cutting tests on Van Norman Universal Head milling machine ( main motor : 3 HP ) were conducted, so as to cover the characteristics of machining operation of the aforesaid machine tool with the emphasis on operations which, according to experience, are critical from the point of view of chatter.
Experimental Set-up and procedure
If the factors associated with machine chatter ought to be reliably measured, it is first necessary for them to be correctly described in terms of certain characteristic parameters. The most direct way of describing vibration is done by recording the root mean square (RMS) values of its displacement, velocity and acceleration. 
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Results and Discussion
The experimental data were analysed and the figures 2 to 10 were obtained by plotting the RMS values with the help of a computer.
3.1
Effect of Table feed The results also indicate that the velocity of vibration remains more or less unaltered with table feed variation, but the acceleration of vibration tends to increase with the increase of table feed upto the value of 32 mm/min, and remains constant thereafter. 
FIG. 2
VARIATION OF VELOCITY(RMS).VS.TABLE FEED FOR SPINDLE VIBRATION. SERIES A:X-DIR,B:Y-DIR,C:Z-DIRECTION. VELOCITY(RMS) IN MM/SEC.
•\X-DIR. 
R.N. Banerjee et al.
Journal of the Mechanical Behavior of Materials
VARIATION OF ACCLN(RMS). VS.
Effect of Spindle Speed on the vibration parameters of the spindle
The vibration parameters as recorded in the present study, while cutting grey cast iron with HSS end milling cutter at different spindle speeds ranging from 300 r.p.m. to 1200 r.p.m. with a constant depth of cut of 1.0 mm and a constant table feed of 32 mm/min are plotted in Figures 5,6 and 7.
The results show that in the operating range of spindle speeds from 300 r.p.m. to 1200 r.p.m., the displacement of vibration of the spindle increases from 180.1 μηι at 300 r.p.m. to 200 μπι at 1200 r.p.m. in X direction; from 160.3 pm at 300 r.p.m. to 428.1 pm at 1200 r.p.m. in Y direction and from 124.6 pm at 300 r.p.m. to 420.8 pm at 1200 r.p.m. in Ζ direction. This indicates that the amplitude of vibration increases with the increase in spindle speed in all the three directions of vibration, and it is advisable not to operate this machine tool beyond the spindle speed of 770 r.p.m.
Whereas, the variations of velocity and acceleration of vibration indicate that those parameters remain more or less constant at all spindle speeds in all the three directions of vibration of the machine tool spindle. 
Effect of Depth of cut on Vibration parameters of the spindle
The variation of displacement plotted against the variation of depth of cut (Fig. 8) indicate that the displacement of vibration increases with the increase in depth of cut. Maximum displacement (210.5pm) occurs at 3.0 mm depth of cut in X direction. In Y direction, maximum displacement 201.3 μηι occurs at 1.6 mm depth of cut and in Ζ direction the maximum displacement of 179.1 pm occurs at 2.0 mm depth of cut.
But the velocity and acceleration of vibration do not change appreciably with the increase of depth of cut (Figs. 9-10 
General Conclusions
Based on the analysis of experimental data the following conclusions can be drawn for the dynamic performance of the milling machine under study.
1)
Table feed affects the stability of the machine tool. The stable zone of operation is below 55 mm/min (when operating at 600 r.p.m. with 1.0 mm depth of cut). There is a possibility of chatter to occur after crossing this critical value of table feed.
2)
The operation of the machine tool remains almost stable while spindle speed varies from 300 r.p.m. to 770 r.p.m.
3)
The influence of diameter of end mill cutter, number of teeth of the cutter, workpiece material characteristics provide scope for further research , as very little research work has been done so far in this area.
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